Background The Department of Health is encouraging health authorities to improve health status by tackling health inequalities. We defined ward level spatial health variations in Trent National Health Service Region, England, investigated urban and rural inequalities, and examined the relationship with deprivation, to identify the extent of small area health inequalities and to establish whether a quantifiable difference exists between urban and rural health as affected by deprivation.
Introduction
Health variations have taken current prominence on the national public health agenda. The focus on health inequalities in the United Kingdom has built on more than a decade of research that has documented such variations and the links with social and material deprivation. [1] [2] [3] However, only relatively recently has an explicit determination been evident to address, attempt to reduce and even eliminate these spatial variations. This is now an urgent task for public health and policy intervention. 4 Increased awareness of socio-economic inequalities in health has resulted in recent governmental recognition of the problem in the United Kingdom, leading to the establishment of a working group to examine health inequalities, 5 and a continuing Health Variations Programme. 6 This incorporates a geographical perspective and an explicit examination of the spatial polarization of mortality and the relationship with divergence in wealth. In December 1997, the Government's White Paper The new NHS set out intentions for local authorities to be responsible for promoting the 'economic, social and environmental well being of their areas'. 7 The February 1998 Green Paper suggests that health inequalities could be tackled more readily at a local level and that the processes to do this should be identified through local Health Improvement Programmes. 8 Health authorities need to know the locations and relative extents of inequalities before addressing them via policy and practice. This paper reports a study that examined geographical inequalities in mortality, ill-health and deprivation in Trent National Health Service (NHS) Region using a small area based approach 9 at the spatial scale of ward. The study arose out of increasing concern about widening health inequalities and the lack of current knowledge about the extent of the differentials. A focus on health inequalities in both the urban and rural environments of the Region sought to counterbalance the predominance of urban studies, and to permit differentiation among the diverse geographical areas of Trent. An urban-rural perspective was important because over one-quarter of the resident population live in rural wards and these constitute a large proportion in particular health districts. A significant proportion of the population living in disadvantaged conditions live in rural Britain. 10 To date, there has been no research at ward level across the whole Trent Region. The study assessed whether the association between health and deprivation is similar in urban and rural areas. We aim to inform local discussions and debate on Government proposals for action to improve people's living conditions and health by exploring health inequalities at a local level.
Method
The study employed a design of small area analysis, 9, 11 to examine health variations, and specifically an ecological approach 12 to analyse the relationship between deprivation and mortality and ill-health. Small areas are generally taken to comprise units smaller than health or local authority district level, 9 and for the purpose of this study the electoral ward was used. There was substantial variability in the size of ward populations aged 0-74, ranging between 824 and 29 700 people. Twenty-four per cent of wards contained populations of fewer than 2000 persons, and 38 per cent under 3000. Wards with relatively small populations, defined as fewer than 3000 persons, are excluded from the results reported here because their standardized mortality and illness ratios may be unstable. 13 This paper presents data on 591 wards of a total of 947 in Trent.
Standardized mortality and illness ratios
Standardized mortality ratios (SMR) and standardized illness ratios (SIR) were calculated for wards using the indirect method. 14 The causes of deaths analysed were (ICD ninth revision): 15 all causes (ICD 001-999), lung cancer (ICD 162), all neoplasms (ICD 140-208), coronary heart disease (CHD) (ICD 410-414), stroke (ICD 430-438), respiratory diseases (ICD 460-519) and accidents (ICD E800-E949). Mortality was examined for the 0-74 age group combining ONS VS3 data 16 for 1993-1995 to overcome the problem of small populations in some wards and to reduce the risk of one year of data being unrepresentative at ward level. These years were selected to represent the most recent trends for which data were available. Limiting long-term illness (LLTI) was analysed as a broad measure of ill-health in the population. As morbidity data were not available for later years, data were obtained from the 1991 Census of Population on residents aged 0-74 with LLTI in households for all wards in Trent Region to provide an indication of local health needs. SMRs and SIRs were calculated for each ward in Trent using England and Wales as the standard population.
Standardized ratios were calculated using the 1991 Census population data because inter-censal mid-year population estimates were not available at ward level. It is recognized that the absence of appropriate population denominators may affect reliability of SMRs in wards where changes in the population structure have occurred since 1991. In a study at small area scale for a whole NHS Region, it was difficult to determine the extent to which SMRs may be artefacts of changes not recorded in the population base.
Urban-rural classification
An urban-rural classification was developed for 1991 Census wards based upon the available ONS definition of the constitution of an urban area 17 and urban area coding scheme for enumeration districts. 18 The following method was adopted. (1) Each enumeration district (ED) was assigned an urban area code.
(2) According to the total population of the urban area in which an ED was located, an indicator of urban-rural status was assigned following the system adopted by the Scottish census office. 19 These indicators were based on the population size of the continuously built-up area in which the ED was located, using the following population bands: These groupings were amalgamated to define an urban-rural dichotomy which emphasized concentrations of populations in urban areas and the more sparsely populated rural areas. Urban status wards included groups 1-3 and rural status wards included groups 4-6. Of 591 wards, 461 were classified as urban.
Deprivation
To examine whether a relationship exists between mortality and relative area deprivation within Trent Region, scores were obtained by ward for the Townsend Material Deprivation Index. 13 This index was selected on the basis of an earlier assessment of different measures of deprivation, which concluded that the Townsend Index performed well in explaining material disadvantage and associated variations in health. 21 Data were extracted from the 1991 Census Local Base Statistics. The scores were standardized on England and Wales. The relationships between deprivation and standardized mortality and illness ratios at ward level were analysed using Pearson product moment correlation.
Results

Variations in mortality
The Trent Region SMR for all-cause mortality, 1993-1995, was 104, slightly higher than the average of 100 for England and Wales. The Region's SMRs for lung cancer, CHD, respiratory diseases and accidents were all above the national average (Table 1) , the highest mortality ratio being for stroke (SMR = 111). The lowest Regional SMRs were 103 for deaths from all neoplasms and from CHD.
Although the Regional SMR is a useful summary statistic, analysis of mortality at ward level showed substantial geographical variation in SMRs within Trent Region. Table 1 lists the lowest and highest ward SMRs for the specified causes of death. SMRs for wards with populations fewer than 3000 persons were excluded. The greatest variation in SMRs was evident for accidents, ranging from zero (in 16 per cent of the total number of wards) to 508, approximately five times higher than the average for Trent and England and Wales.
Analysis of wards at the extremes of the SMR ranges displayed substantial differences by cause of death. Table 2 shows proportions of wards with SMRs below 75 and above 125. The largest proportion with SMRs over 125 was 36.2 per cent for stroke (49.9 per cent of total deaths from stroke) and the smallest 16.8 per cent for all neoplasms (21.4 per cent of deaths). Wards with SMRs over 125 constituted over one-third of the total for accident, lung cancer and stroke mortality, attributable for 62.6 per cent, 50.7 per cent and 49.9 per cent of total numbers of deaths, respectively. The percentage of wards with SMRs above the Trent average varied between 42 per cent for respiratory diseases and 50 per cent for CHD. The majority of these wards were classified as urban, between 74 per cent for accidents and 84 per cent for all-cause mortality. Table 2 also shows that for each cause of death more than one-third of both urban and rural wards displayed SMRs greater than the Trent average.
Pearson product moment correlation analysis of the relationship between deprivation and mortality showed that certain causes of death correlated more strongly than others (Table 3) . The strongest correlation with deprivation as measured by the Townsend Index was for all-cause mortality (r = 0.68). There was very weak correlation between Townsend Index scores and mortality from accidents (r = 0.19). Low correlation coefficients were apparent for stroke (r = 0.3) and all neoplasms (r = 0.33), with moderate correlation for lung cancer (r = 0.43), CHD (r = 0.47) and respiratory diseases (r = 0.5). Correlation analyses were performed separately for urban and rural wards (Table 3) intervals for the correlation coefficients 22 demonstrated that the relationships between deprivation and mortality in urban and rural areas were of a similar magnitude, with the exception of accident mortality for which there was no correlation in rural wards and only a weak correlation for urban wards.
Variations in limiting long-term illness
To provide a broad measure of small area variations in morbidity, data on LLTI were collated from the 1991 Census. This gives an indication of local health needs. The Regional SIR of 101 compared favourably with the SIR for England and Wales. Within Trent, ward SIRs ranged between 48 and 235, illustrating wide variation (Table 1 ). More than half of urban wards exhibited SMRs greater than the Trent average, compared with only a fifth of rural wards (Table 2) . A strong correlation was evident between Townsend scores and standardized ratios for LLTI across the Region (r = 0.82). Figure 2 shows a strong positive relationship at ward level between LLTI and deprivation in both urban (r = 0.82) and rural (r = 0.84) wards. The association between deprivation and LLTI is equally strong in rural and urban areas (Table 3) .
Discussion
The study identified that wide ward level variations in health and deprivation exist within the overall levels of well-being for the Trent Region, and highlighted wards with high ranking standardized ratios for mortality and illness which pose particular concern for health authorities. It is clear that Region-and health authority-wide approaches will not uncover the full extent of health inequalities. The study demonstrated relationships of similar magnitude between measures of health and deprivation in urban and rural areas. It is important to address health inequalities in terms of whether a quantifiable difference exists in urban and rural health. The analyses of wards in Trent illustrated that there is a positive association between higher levels of deprivation and poorer health status in urban and rural areas, particularly in terms of all-cause mortality and limiting long-term illness.
Many area-based studies have established the existence of wide health inequalities, 19, [23] [24] [25] [26] and although area-based measures of deprivation are affected by the issue of ecological fallacy, 27 in terms of health inequalities there is evidence that more disadvantaged areas have worse health profiles because they contain larger proportions of deprived members of the population. 28 This study contributes to small area research by employing an urban-rural classification to achieve recognition and understanding of health inequalities which distinguishes between urban and rural environments. The analysis presented here focuses on the aggregate differences in a two-fold urbanrural classification. A refinement of this approach will be to analyse the data by degrees of urbanity and rurality. The difficulties and approximations of assigning urban and rural status by administrative area have long been recognized. 29 The derivation of an urban-rural dichotomy has limitations because of the crude approximation of urban and rural status based on definition of urban land use. 30 This was in part delimited by the available urban classifications of spatial areas. In part it was conditioned by the design of mapping health variations with incorporation of representation of ward population size to indicate potentially less reliable standardized ratios resulting from small numbers of deaths and illness in areas with small populations.
The urban-rural approach may be applied to each NHS Region in England and Wales. Within Trent Region, rural areas demand attention because substantial parts of some health authority districts are very rural and a significant proportion of the population lives in these areas. Despite increasing awareness of socio-economic inequalities and their influence on health status, inequalities in rural areas continue to remain largely unrecognized. This problem is exacerbated by the exclusion from the analysis of wards with small populations (aged 0-74), which affected almost 70 per cent of rural wards in Trent Region, in which 45 per cent of the rural population live. This compared with the removal of 12 per cent of the urban wards, containing 4 per cent of the urban population.
It is very difficult to remove the long-standing image of rural areas as healthy environments. Focus on urban and rural wards is important in terms of defining the variables for allocation of health resources. It has particular current significance in the debate among NHS professionals and managers concerning definition of the constitution of 'natural communities', which may contain both urban and rural localities. Rural areas have considerable problems of access to health and welfare services. These can be exacerbated for those people with low incomes, poor mobility or lack of personal transport. The study showed poor health status in some rural wards and a strong association with deprivation in these areas. Issues relating to neighbourhoods and localities, served by primary care groups, which include both urban and rural environments should not be tempted to focus on the urban alone.
As a consequence of data availability, the study principally examined mortality. Because of the general lack of morbidity data available, data on premature mortality continue to be an important measure in determining relative health status and, subsequently, health care allocations and priorities. The 0-74 age group was analysed because this population has particular significance in terms of planning services as it represents national health priorities in terms of premature mortality. The premature mortality data were examined at a small area scale to identify communities with particular health needs, so as to better direct resources and preventive services. However, analysis of deaths has an inherent weakness when extrapolating to health variations, which in essence concern the morbid and not dead population. Causes of death have been noted to correlate relatively poorly with health status and actual morbidity or impairment experienced during lifetime. 31 Many health care interventions will have little impact on mortality rates. 32 Data for morbidity at a local level, however, are rarely widely available, and this is now a priority area for data generation. Many measures of ill-health include only cases which are hospitalized.
Growing awareness at a high political level of inequalities in health is now being matched by increased awareness among policy-makers of the need to redress fundamental socioeconomic inequalities. 7, 8 Geographical awareness at a small scale is important in light of renewed emphasis on 'locality' in the resourcing and administration of the NHS. The expectation is that health authorities, working in close partnership with other local agencies, will draw up Health Improvement Programmes to respond to the identified needs in their communities. It will be essential for these authorities to maintain a geographical perspective in health surveillance and planning so as to promote good understanding of the health status and needs of local populations. 33 A small area based approach with an urban-rural emphasis is an appropriate technique for examining geographical health inequalities, to provide valuable information to those health authorities and primary care groups which will have major responsibilities for commissioning and providing services and which therefore require a good understanding of patterns and trends in health.
